BACKGROUND: Alaska Native and American Indian people (AN/AIs) have a high incidence of colorectal cancer (CRC) and CRCrelated mortality. Screening can prevent death from CRC, but screening rates are low in racially and ethnically diverse populations. The authors conducted a randomized controlled trial using text messaging to increase CRC screening among unscreened AN/AIs in a tribal health care system in Anchorage, Alaska. METHODS: The intervention entailed up to 3 text messages sent 1 month apart. The authors randomized 2386 AN/AIs aged 40 to 75 years who were eligible for CRC screening to the intervention or usual-care control conditions. Screening status was ascertained from electronic health records 3 months and 6 months after the last text message. Hazard ratios (HRs) were estimated to evaluate the effectiveness of the intervention, stratified by age and sex. 
INTRODUCTION
Colorectal cancer (CRC) is the third leading cause of cancer-related mortality in the United States. It is expected that >130,000 individuals will be diagnosed with CRC in 2016, and nearly 50,000 individuals will die of this condition. 1 The majority of cases of CRC can be prevented by screening procedures that remove precancerous polyps and detect disease at early stages, when 5-year survival rates are much higher. 2 Guidelines recommend screening for average-risk adults beginning at age 50 years, and at younger ages for adults at higher risk. 3 In 2013, approximately 58% of the general population met CRC screening standards, with the highest prevalence noted among non-Hispanic white individuals. 4 Recommended timelines for rescreening vary by modality. Hemoccult methods (fecal occult blood testing [FOBT] and fecal immunochemical testing [FIT] ) require annual rescreening, flexible sigmoidoscopy requires rescreening every 5 years, and colonoscopy requires rescreening every 10 years.
Racial disparities in CRC incidence and survival are well established, but to the best of our knowledge, the majority of research has compared rates in black and white individuals. Studies have reported conflicting results for disparities experienced by Alaska Native and American Indian people (AN/AIs). Many, but not all, studies using data from the Surveillance, Epidemiology, and End Results program have found that AN/AIs have lower CRC incidence than white and black individuals, [5] [6] [7] [8] but racial misclassifications in these and other population-based data sources can lead to underestimating CRC burdens for AN/AIs. 9, 10 Conversely, other studies have reported that some AN/AI groups have among the highest CRC incidence rates in the United States. 11, 12 Currently, AN/AIs are diagnosed with CRC at younger ages than the general population, and more frequently present with advanced rather than localized disease. 13, 14 In the last 30 years, the incidence of CRC declined for most racial groups, but increased in AN/AIs, most notably for those aged <50 years. 15 ANs have the highest CRC incidence of all AN/AIs, 5, 11 although one study has suggested that the incidence among ANs now may be declining. 16 Nevertheless, CRC is the most frequently diagnosed cancer and the second leading cause of cancer-related death for ANs. 17 AN/AIs in the aggregate have lower screening rates than other racial and ethnic groups, 4, 18, 19 although national statistics may not be reliable for this population. 20 The Community Preventive Services Task Force has identified effective patient-oriented strategies with which to promote CRC screening. 21 Using findings on FOBT, the task force recommends reminders delivered by letter, postcard, e-mail, or telephone call to advise individuals that they are due for CRC screening. Although recommendations did not mention reminders in the form of text messaging by mobile telephones, studies have reported promising results with text messaging interventions for other types of cancer screening. 22, 23 An increasing number of mobile health (mHealth) interventions are being implemented with such technologies as text messaging, smartphone applications, and wireless or remote medical technology to improve health care in diverse settings and populations. 24 To the best of our knowledge, existing data currently are insufficient to predict whether mHealth will be widely successful in promoting preventive services. 25 Therefore, text messaging might be useful for addressing health disparities in populations who face barriers to accessing personal computers and the Internet but have high rates of mobile telephone use.
In the current study, we designed a text messaging intervention to increase CRC screening among AN/AIs aged 40 to 75 years in the Southcentral Foundation (SCF) health care system in Anchorage, Alaska. Patients aged 40 to 49 years were included due to the high incidence of CRC noted among ANs aged <50 years. We implemented a 2-arm randomized controlled trial comparing CRC screening uptake in a group receiving text messaging (intervention group) with that in a group receiving usual care (control group).
MATERIALS AND METHODS

Human Subjects Protections
All patients in the SCF are given the opportunity to enroll in an electronic health messages program, and can sign forms providing consent to be included in research studies. The current study was approved by the Alaska Area Institutional Review Board and by the tribal leadership of the SCF and the Alaska Native Tribal Health Consortium. All necessary tribal approvals were obtained before the current study was submitted for publication.
The current study has a ClinicalTrials.gov registration (ClinicalTrials.gov identifier NCT02843217).
Study Setting: SCF
The SCF is a tribally owned and operated health care organization that offers primary care services to approximately 65,000 AN/AIs in Anchorage, Alaska. Inpatient and tertiary care services are provided at the Alaska Native Medical Center, a 150-bed facility that is co-owned and comanaged by the SCF and the Alaska Native Tribal Health Consortium. Recipients of care are designated "customer-owners" instead of "patients," reflecting the cooperative ownership structure. 26 A 2011 survey found that 89% of SCF customer-owners aged 50 years had a mobile telephone, and 75% of this group used text messaging. 27 CRC screening services are provided to all eligible customer-owners and are considered prepaid on the basis of past treaties with the federal government. In 2014, SCF policies redefined the minimum age for CRC screening eligibility as 40 years instead of 50 years, given the higher rates of CRC incidence and earlier ages at onset in ANs compared with the general population. Current SCF guidelines promote colonoscopy over flexible sigmoidoscopy or hemoccult testing, and customer-owners already receive screening reminders by telephone and surface mail, as well as by physician referral during in-person clinic visits. In 2015, approximately 30% and 60%, respectively, of customer-owners aged 40 to 49 years and 50 to 75 years were up-to-date with the SCF's CRC screening recommendations, which is lower than the goal of 80% established by the National Colorectal Cancer Roundtable and endorsed by the Centers for Disease Control and Prevention. 28, 29 Text Messaging Intervention Our intervention was integrated into an existing SCF program that was initiated in 2013. Customer-owners who attend any clinic visit can sign up to receive electronic messages with personalized reminders for various preventive services. Those who sign up provide written informed consent to enroll, and endorse their willingness to receive text messages by mobile telephone. The informed consent documents contain a separate line item giving permission to be included in deidentified research to evaluate the effectiveness of electronic health messages in improving care.
Text Messages for Colorectal Cancer Screening/Muller et al
Cancer April 15, 2017 For the current study, text messages were designed to align with national and local SCF guidelines for CRC screening. To develop message content, we first developed a preliminary set of text messages based on our literature review, key informant interviews with SCF customerowners and providers, and meetings with tribal leadership. Next, we conducted focus groups with customerowners and other SCF stakeholders. Based on focus group feedback we revised the final set of text messages (Table 1) , which were approved by SCF staff and the SCF medical services division. It is interesting to note that in this case, the cultural tailoring process resulted in text messages that are not obviously culturally specific (eg, do not incorporate words from Native languages).
Participant Eligibility
The current study sample comprised all SCF patients who were enrolled in the existing electronic health messaging program and were eligible for CRC screening at the time of randomization. Eligibility criteria for the randomized trial were ascertained from electronic health records. Inclusion required: 1) AN or AI heritage documented in the electronic health record; 2) empanelment to an SCF primary care provider; 3) enrollment in the SCF electronic health messaging program; 4) possession of a text-enabled mobile telephone; 5) signing the optional consent form to participate in research concerning the effectiveness of electronic health messaging for health promotion; 6) no history of CRC or colectomy; 7) current eligibility for CRC screening; and 8) aged 50 years. Between the first and second waves of randomization, the age criterion was reduced to 40 years to reflect the SCF's revised policies regarding CRC screening.
Randomization
Randomization for the current trial was performed in 2 waves, with eligible customer-owners randomized in a 1:1 ratio to the intervention or control conditions. The first wave began in November 2013, and the second wave began in March 2014 with the lower age limit of 40 years. For each wave, the study biostatistician used computer-generated, pseudo-random numbers to assign study group status. Because randomization for all participants was performed at the same time for each wave, no method of allocation concealment (eg, sealed envelopes) was necessary.
Randomized Controlled Trial
We collaborated with staff and tribal leadership to develop a protocol for sending CRC screening reminders, endeavoring to ensure its compatibility with routine clinical practice. All customer-owners were blinded to study group assignment, and outcome data were collected by using health record queries executed by staff who were unaware of group assignment. Participants in the intervention group during the first wave of randomization were sent a preintervention text message informing them that they would receive texts about CRC screening and providing an opportunity to opt out. Because only 3% of participants in this group opted out, the preintervention text message was eliminated for the second wave of randomization. After 1 month, the first CRC screening message was sent to those individuals who did not opt out. Approximately 1 month after the first CRC screening message, a follow-up query of health records was performed to ascertain current screening status. For participants who remained unscreened and had not opted out, the second text message was sent. Approximately 1 month later, the process was repeated for the third and last time, for a maximum of 3 text messages over a 2-month period. For efficiency, health records were queried and text messages were sent only once per month. Three and 6 months after the final text message, screening status queries again were performed for both the intervention and control groups. The a priori goal was to determine the effect of the intervention among all participants, with exploratory analyses evaluating modification by age and sex. 
Statistical Analysis
Descriptive statistics were calculated using counts and frequencies for categorical variables and stratified by age (40-44 years, 45-49 years, and 50-75 years) based approximately on tertiles for the full cohort. If any variable appeared unbalanced between the study groups, we included that factor as a covariate in sensitivity analyses. We followed an intent-to-treat approach, using data for all participants regardless of whether they opted out of text message contact. Although our original plan was to use Cox regression to estimate hazard ratios (HRs) for the intervention's effect on CRC screening, we were not able to use this approach due to the interval-censored nature of the data we ultimately received from SCF. Therefore, we instead estimated HRs using complementary log-log regression, which can accommodate an outcome specified as intervals with different durations rather than requiring the exact date of screening. 31 This approach generates HRs with the same interpretation as Cox regression models, with the added assumption that screening procedures in a given interval are distributed evenly within that interval. Results are presented as HRs with 95% confidence intervals (95% CIs). For the primary analysis, we compared the effect of text messaging on CRC screening among individuals aged 50 to 75 years to align with screening recommendations for the general population. Results also are presented for individuals aged 40 to 49 years and for the entire sample combined. For both age groups, we estimated intervention effects separately for women and men, and ran models for the full sample with formal interaction terms for age group and sex. We did not perform a priori power calculations because the study design entailed randomizing the entire population of SCF customer-owners who met inclusion criteria. Stata statistical software (version 14.1; StataCorp LP, College Station, Tex) was used for all statistical analyses. Figure 1 . We identified 808 eligible participants in wave 1, and 1578 additional participants were identified in wave 2. Among the 2386 total participants, 25 (12 in the intervention group and 13 in the control group) received CRC screening in the brief interval between randomization and sending the first CRC screening text message. Under the intent-to-treat model, these participants were included in the statistical analysis. Of the 145 customerowners in the intervention group who opted out of text messages, 22 (15.2%) received CRC screening during the study period. All covariates appeared adequately balanced between the 2 study groups at baseline (Table 2) .
RESULTS
Randomization and study implementation are shown in
From baseline to final ascertainment of screening status, 181 intervention participants (15.2%) completed CRC screening (Table 2) , compared with 142 of the control participants (11.9%). Differences were more pronounced among individuals aged 50 to 75 years compared with those in the younger age groups. Colonoscopy was the primary screening method, accounting for >90% of procedures. Lacking an indication of covariate imbalance at baseline, we did not perform confounder-adjusted sensitivity analyses. In the primary inferential analysis, the text messaging intervention was found to be associated with higher screening rates among customer-owners aged 50 to 75 years (HR, 1.42; 95% CI, 0.97-2.09 [P 5 .07]), with positive effects of smaller magnitude for those aged 40 to 49 years (HR, 1.24; 95% CI, 0.95-1.62 [P 5 .12] ) and in the full sample combined (HR, 1.30; 95% CI, 1.04-1.62 [P 5 .02]). The HR estimates were higher for women than for men in both age groups (Fig. 2) . In analyses with the full sample, P values for interaction remained .05 for age (P 5 .55) and sex (P 5 .09).
DISCUSSION
We found that a simple text messaging intervention increased CRC screening by 42% compared with usual care in a clinical population of AN/AIs aged 50 to 75 years, and by 24% for those aged 40 to 49 years. Although the absolute difference between the intervention and control groups was not large, these findings suggest that text messaging may be an inexpensive means of reaching individuals who do not require intensive outreach to be screened. In the intervention group, the small number who opted out of receiving text messages had overall screening rates Original Article that were similar to those of their counterparts who received text messages. Two potential explanations are that participants who scheduled or received CRC screening did not realize messages would stop automatically after their electronic health record was updated, or that the messages were still effective even if participants did not like receiving them. The findings of the current study strongly suggested that the intervention was only effective for women (69% and 37% higher screening rates, respectively, for those aged 50-75 years and 40-49 years), with no apparent effect observed in men. Although the formal interaction analysis did not reach the standard P 5 .05 threshold for strong statistical evidence, the point estimates and 95% CIs (Fig. 2) provide compelling support for a likely difference in the intervention's effectiveness by sex and underscore the importance of investigating differences between AN/AI men and women in decision making relevant to CRC screening. 32 Because 50% of SCF customer-owners (aged 40-75 years combined) already were adherent to CRC screening guidelines at baseline, our target population was adults who do not respond to existing efforts to promote CRC screening, or who may have been unaware of the need for preventive screening. Therefore, even a small effect could provide a cost-effective means of increasing CRC screening, while allowing more resource-intensive outreach to be directed at individuals for whom text messaging is ineffective. However, the current study sample also included customer-owners who only recently became eligible for screening because of their age or the expiration of a previous screening procedure. Many of these participants most likely would undertake screening without additional interventions, as reflected by the 12% uptake in the control group in the current study. Unfortunately, we had no access to individual-level data that would permit us to distinguish this subgroup from those who require additional interventions. Furthermore, although we were not able to contact customer-owners in the intervention group to verify receipt of text messages, from the perspective of a pragmatic trial, individuals who did not receive the messages would be included in the group of individuals for whom the intervention is not effective and would be randomly distributed across study groups.
Although mHealth demonstrates promise for reducing cancer-related health disparities in the United States, 33 an AN/AI sample experienced notable barriers to using text messaging and smartphone applications in a recent weight-loss intervention. 34 Issues included frequent sharing of mobile telephones among friends and family, as well as legal obstacles that prevented researchers from providing telephones to study participants. The current study avoided some of these barriers by integrating the intervention with an existing mHealth program for which enrollees already had provided telephone numbers and confirmed their ability and willingness to receive text messages. It appears clear that individuals who already possess and use mobile technologies also are the most likely to benefit from mHealth interventions. In that context, the current study was a pragmatic trial designed for a selfselected population of mobile telephone users.
To the best of our knowledge, the current study is the first large randomized trial of text messaging to increase CRC screening within a health care system, although at least one study is forthcoming. 35 In another study, a randomized trial of primarily Hispanic, black, and white patients in a Texas health care system found that a combination of mailed and telephone outreach was more effective than usual care in increasing CRC screening with FIT as well as colonoscopy. 36 Although the intervention did not include text messaging, its findings support a tiered model that optimizes efficiency by progressing from less costly and resource-intensive outreach (eg, text messaging) to more costly and intensive methods (eg, personal telephone calls).
The current study has several limitations that might affect the validity and generalizability of the results. First, we lacked access to detailed individual-level data for evaluating predictors of positive response to the intervention. However, our relatively simple study design and parsimonious data collection were appropriate for addressing our scientific question regarding the overall effect of the intervention on CRC screening uptake. Second, we could not assess potential contamination between the intervention and control groups. Contamination might have occurred if participants shared text messages or if the screening behavior of control participants was influenced by the experience or outcomes of intervention participants, and is not prevented by randomization. It is possible that the screening uptake achieved by the control group (12%) reflected such contamination, which would bias the current study results. However, it is reasonable to expect that contamination would enhance rather than reduce screening in the control group. In that case, the findings of the current study would represent a conservative estimate of the true intervention effect on CRC screening. Third, the current study was restricted to a single health care system and to patients within the system who possessed text-enabled mobile telephones and had consented to participation in research. Therefore, the current study results might not generalize to other settings in which AN/AIs receive health care.
The current study also has substantial strengths. First, the study sample was derived from a clinic-based population for whom electronic medical records were available, and services were offered without requiring outof-pocket payments. This factor removed insurance and other financial barriers to CRC screening, while enabling us to obtain accurate data regarding final screening status for nearly 100% of randomized participants. Second, our use of focus groups to collaboratively create the study protocol and the text messaging content ensured the local relevance and cultural acceptability of our communication strategy. Even though the final set of text messages did not include Native language or explicit, culturally specific references, the purpose of cultural tailoring is to ensure that the community will benefit from the intervention. Its success was demonstrated both by the small percentage of intervention participants who opted out of text message reminders and by the similarity in screening rates observed between those who did and did not opt out. Third, the current study was made possible by excellent collaboration between SCF clinical staff and health researchers, and external academic researchers. Based on principles of trust and respectful collaboration, we were able to successfully balance the need for scientific rigor with SCF policies and preferences regarding research participation and patient confidentiality. Another strength of the current study was that the intervention can be implemented and sustained, as designed, in the frequently overburdened and underfunded settings experienced by many tribal health care systems.
We found that text messaging is a useful addition to the public health toolkit for achieving national goals in CRC screening. We also observed that cultural tailoring is needed for such messaging among AN/AIs, and specifically that this process might result in content that differs from external researchers' expectations for cultural tailoring. We also observed that targeting messages to match individual-level characteristics, including age and sex, should be considered. These findings are aligned with recent qualitative research in AN/AIs. 37 A recent study found that increasing population-level screening adherence to 80% could prevent as many as 280,000 new cases of CRC and 200,000 CRC-related deaths over the subsequent 20 years. 28 Interventions targeting historically underrepresented racial and ethnic minority groups are essential for achieving this 80% goal. The findings of the current study illustrate the potential importance of tailoring content to specific subgroups, such as AN/AI men. 38 
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